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@ Visual display system and exposure control apparatus. 

(57) A visual display system in which light from a , 
light source is modulated by a space light mod- 
ulator having a plurality of controllable ele- 
ments arranged in a line and the modulated 
fight is scanned by an optical scanning device 
to display an image. An exposure control ap- 
paratus having a lens, a photoelectric conver- 
sion device, and a space light modulator, 
wherein the space light modulator is operated 
to vaiy the amount of light to be supplied to the 
photoelectric conversion device, thereby con- 
trolling the exposure for the image focused by 
the lens. 
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The pres nt invention relates to a visual display 
system for displaying a video signal or image data in 
the form of a visible image, and to an xposure control 
apparatus for a video camera or the like. 

Description of Related Art 

In recent years, demand has been increasing for 
larger-area and/or higher-definition screens than the 
screens offered by conventional display devices such 
as cathode ray tubes (CRTs) or liquid crystal displays 
(LCDs). Such demand has been further increased by 
consumers' demand for large-screen televisions, 
coupled with the demand from many people who want 
to enjoy shows on a large screen or who need to view 
screens generated by a computer in conferences or 
the like; 

LCDs are suitable for use with smatt-size comput- 
er systems and terminal devices, particularly laptop 
and portable computers; LCDs for such applications 
are constructed using liquid crystal eels, each indi- 
vidual cell corresponding to one pixel on the screen. 
LCDs are sensitive to temperature, are difficult to 
construct in large size, have a slow response, and re- 
quire external illumination for viewing. The resolution 
of the LCD is limited by the complexify of its driving 
system, the result of which is that the size of the LCD 
generally increases with increasing resolution. This 
means an inevitable increase in the size of the pro- 
jection optical system used, and hence an increase in 
the cost of a high-definition system. Another problem 
is that light passed through the LCD (or reflected from 
it) is polarized, as a result of which the sensation of 
brightness varies nordinearly with the distance from 
the center of the field of view (e.g. off the axis). 

The most widely used display system is the CRT. 
However, the CRT has various shortcomings, the first 
one being the cost The high cost is due to the diffi- 
culty involved in the production of large-size display 
tubes and the requirement of large volumes of raw 
materials (particularly glass) for construction. As a re- 
sult, the display becomes very heavy, is not easy to 
transport, and therefore, is not suitable for use in a 
small-size display system. The resolution is also a 
problem with the CRT. 

Another shortcoming of such conventional dis- 
play systems is that they are essentiatty an analog 
type. Therefore, when displaying information is stor- 
ed in digital form in a computer, the information must 
first be converted into a form compatible with the 
analog raster scanning for displaying of the CRT. 

Japanese Patent Application Laid-open No.3- 
40693 discloses a visual display system using a 
space light modulator to veroome the above enum- 
erated shortcomings. Th system disclosed therein 
will be described below as a prior art example that 
most closely relates to th present invention and is 1- 
lustrated in Figures 1 to 5 of th accompanying draw- 



ings. 

Fig. 1 shows th construction of a two-dimension- 
al digital visual display system comprising an image 
generating system 501 and a display screen 502. 
5 Light emitted from a light source 510 is collected by a 
mirror511 which reflects the light into a lens 512. The 
lenses 512, 513, and 514 together form a beam col- 
umnator which acts to collimate the incident light 509 
into a columnar light 508, the light energy being thus 
10 intensified to enhance the overall efficiency of the 
system. A folding mirror 520 reflects the columnar 
light 508 through an optical path 507 into a space light 
modulator 515. The space light modulator 515 selec- 
tively redirects portions of the light passed through 
is the optical path 507, toward a magnifying lens 505 to 
form an image on the display screen 502. The space 
light modulator 515 used in this example is one gen- 
erally known as a deformable mirror device. 

The space light modulator 515 has a surface 516 
20 onto which the light from the optical path 507 is pro- 
jected. The surface 516 contains a plurality of switch- 
able elements 517 which can be controlled so as to re- 
direct the incident light toward the magnifying lens 
505. When one element 51 7 is placed in a certain ori- 
25 entation, a portion of light passed through the optical 
path 507 is redirected into an optical path 506 toward 
the magnifying lens 505. The portion of the light is 
magnified or enlarged by the magnifying lens 505 and 
projected through an optical path 504 onto the dis- 
30 play screen 502 to illuminate a pixel 503. 

A computer ^19 controls *he operation "of the 
space light modulator 515 via a'bus 518 so that por- 
tions of the light from the optical path 507 are selec- 
lively redirected toward the display screen 502 to 
35 form an image thereon. The bus 518 carries neces- 
sary control signals and image Information from the 
computer 519 to the space light modulator 515. The 
computer 519 is, for example, a digital signal proces- 
sor. - 
40 Fig2 shows the configuration of an electronic 
optical apparatus used for the above described visual 
display system. As shown, a signal source 640, which 
is, for example, a TV tuner, is connected to an elec- 
tronic optical system 644 via a bus 642. The bus 642 
45 leads to an A/D converter 646. An analog signal is fed 
via the bus 642 to the A/D converter 646 for conver- 
sion into a digital code representing the chrominance 
and luminance information of each pixel of an image. 
The digital code from the A/D converter 646 is placed 
so on a bus 648 for transfer to a buffer memory 650. The 
digital code is thus stored in the buffer memory 650. 
In a different mode, such digital code or information 
can be loaded into the buffer memory 650 from an ex- 
ternal computer or graphics system via a bus 652. 
55 The digital code or information represents an im- 
age to be displayed. The digital code stored in the buf- 
fer memory 650 is transferred to a central processing 
unit (CPU) 654 via a bus 658. The CPU 654 is con- 
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nected to a video memory 660 via a bus 658. The 
CPU 654 decodes th video signal, including the 
chrominance and luminance signals, contained in the 
information transferred from th buffer memory 650. 
Th CPU 654 is so programmed as to xtractthe irrv s 
age from the information and store the information, 
including the chrominance and luminance signals, 
into the video memory 660. The image is further proc- 
essed by the CPU 654 through a command given via 
a bus 662 or under control of the program contained w 
in the CPU 654. Thereafter, the processed image 
data is transferred to a shift register for input to an ar- 
ray in the space light modulator, the image data being 
loaded into row and column decoders. It is also pos- 
sible to load image information into the video memory is 
660 from an eternal computer or graphics system via 
a bus 668. 

The electronic optical system 644, together with 
a projection system 672, constitutes an Image gener- 
ating system 674, for which the image generating sys- 20 
tern 501 of Bg.1 with the space light modulator 515 
connected via the bus 518 to the video memory 660 
can be substituted, the image stored in the video 
memory 660 is transferred to the projection system 
672 via a bus 670 and is displayed through an optical 25 
path 676 on a display screen 678. 

In the prior art visual display system, however, 
the space light modulator is a flat surface type where- 
in numerous mirrors are arranged in minute patterns 
on a semiconductor surface. The space light modula- 30 
tor of such construction having a plurality of control- 
lable 1 elements arranged oti flat surface has the 
problem of low yields in semiconductor fabrication 
due to a large sBicon chip area, increasing the cost 
and reducing the reliability f of^ display ays- 35 
tern. Another problem is that addressing drouKry for 
the controllable elements of surface type and circuitry 
for light modulation, i.e., circuitry for driving the con- 
trollable elements, become large and complex, which 
is a limiting factor in the downsizing of the system. 40 
There is the further problem that the design freedom 
is limited in that the width-to-height ratio (aspect ra- 
tio) of the image forming surface is determined by the 
shape of the space light modulator unless an addi- 
tional special optical system is provided 4$ 

Fig.3 is a diagram illustrating the construction of 
a prior art diaphragm mechanism. When an actuator 
705 is moved, a ring 706 is turned, which in turn 
moves an actuating pin 704 fixed on the ring 706 to 
move a diaphragm fan 701 over a lens 702 with a so 
fixed pin 703 acting as the fulcrum, so that the size 
of the aperture area is varied. 

Fig.4 is a block diagram il ustrating a prior art tens 
diaphragm control mechanism. The lens diaphragm 
control mechanism comprises: a lens 801; a dia- ss 
phragm 802; an image pick-up element for converting 
th optical image into electrical signals; a preamplifier 
804 for amplifying th output of the image pick-up ele- 



ment 803 to a suitable magnitude; a ph tometric cir- 
cuit 805 for extracting, out of the video signal output- 
ted from the preamplifier 804, the portions that cor- 
respond to the photometric area; a detection circuit 
806; a diaphragm control circuit 807 for feedback con- 
trol of the diaphragm 802 to bring the output of the de- 
tection circut 806 into agreement with a predeter- 
mined reference voltage; and a pulse generator 808 
for controlling the photometric circuit 805 by using 
vertical and horizontal synchronizing pulses or the 
like. 

Light passed through the lens 801 is focused 
onto the image pick-up element 803, the amount of 
light being suitably controlled by the diaphragm 802. 
The image pick-up element 803 converts the optical 
image focused thereon into an electrical signal, Le. a 
video signal, which is then amplified by the preampli- 
fier 804 to a magnitude suitable for later processing. 
The amplified video signal is fed to the photometric 
circuit 805, which is under control of trie pulse gener- 
ator 808, and onfythe portions of the video signal that 
correspond to the photometric area are supplied to 
the detection droit 806. The detection circuit 806 in- 
tegrates the input signal to produce a photometric sig- 
nal of the level corresponding to the mean luminance 
of the photxmeftric area of the video signal. The pho- 
tometric signal is inputted to the diaphragm control 
circuit 807. The diaphragm control circuit 807 per- 
forms feedb^ control of the diaphragm 802 to bring 
this value into agreement with the predetermined ref- 
erence voltage. 

However, there are an infinite variety of objects 
that may be placed for imaging at the image pick-up : 
position, and they carinri 
types. From some Wtk^ 
be obtained with a f^ 

others, proper Images cannot be obtained with the 
fixed photometric area. For example, in a backlight 
situation where the object of interest is positioned in 
the center of the scene against a background consist- 
ing mostly of high luminosity areas, the high luminos- 
ity areas will become dominant factors in the photo- 
metric area, causing the diaphragm to tend to close 
down for the object; the resulting image of the object 
wiP appear ail black. Conversely, in an excessive 
frontlightsiuation where most of the background is 
dark, the diaphragm wffl tend to open up for the object 
because of the darkness of the background, causing 
everywhere in the final image to appear pale and 
washed out 

Fig.5 shows schematic diagrams illustrating the 
construction of a prior art image projection system. In 
Figj^a), /a lens 910 Is (directed toward the object for 
imaging. At this time, a reflecting mirror 911 is posi- 
tioned as shown by dotted line, so that the object is 
focused on an image pick-up element 912 by the lens 
910. When it is desired to enlarge the image for pro- 
jection, th system is rearranged as shown in 
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Fig.5(b). At this time, the r fleeting mirror 911 is ma- 
nipulated and placed in a horizontal position as shown 
by solid line. In this arrangement, the image on a liq- 
uid crystal display 913 Alumina ted by a light source 
914 is nlarged through th lens 910 for projection. 
Theabov construction is disclosed in Japanese Pa* 
tent Application Laid-Open No. 2- 13071. 

In the prior art image projection system of the 
above construction, since the system configuration 
must be rearranged between the imaging and image 
projection situations, it takes a lot of time and effort 
for the rearrangement Furthermore, since a compo- 
nent in the optical path is moved, the focusing accu- 
racy of the system lowers. 

As described above, the prior art exposure con- 
trol apparatus relies on a tot of mechanical actions for 
controlling the diaphragm, and therefore, has the 
problem of slow operating speed and low reliabflity. 
Furthermore, the prior art apparatus needs a targe 
number of parts, and is complex and expensive in 
construction. Moreover, because of the construction 
of the apparatus which is incorporated in the lens sys- 
tem, exposure control can only be performed codec- 
tively on the entire light sensitive elements, and par- 
tial corrections of exposure cannot be performed. 
Furthermore, in t he prior art, no exposure control ap- 
paratus has been avalable with additional functions 
other than its originally intended functions. 

It is an object of the present invention to provide 
an inexpensive and highly reliable visual display sys- 
tem. ...... 

It is another object of the invention to provide a 
visual display system wherein driving circuitry for con- 
trollable elements lis simplified. ; , , ^. 

It is a further objeci'of the tnvertion to provide % v 
visual display system that permits the aspect ratio of 
a projection screen to be varied wfthout an addition of 
special optical systems. 

It is a stffl further object of the invention to provide 
an exposu^ number of 

mechanical moving parts land t he number of compo- 
nent parts are reduced. 

It is yet anther object of the invention to provide 
an inexpensive and highly reliable exposure control 
apparatus that permits partial exposure control. 

It is a further object of the invention to provide an 
exposure control apparatus equipped with an addi- 
tional function that permits the apparatus to be used 
as an enlarging projector. 

In the visual display system of the invention, light 
from a light source is modulated by a space light mod- 
ulator haying a plurality of controllable elements ar- 
ranged in a line, and the modulated light is scanned 
by an ptteaJ sranplng [device to display an image. 
Th reflecting or refracting surfaces of the optical 
scanning d vice are movable so that tin images re- 
flected from the space light modulator are expanded 
into a surface imag for display. 



When the optical scanning device is provided 
with selectivity with respect to the wavelength of 
light, a color visual display is achieved. One scanning 
cycl of the optical scanning device is made shorter 
5 t han one cycle period of the critical flicker frequency 
of the human eye. Either the light source emits a 
pulse light whose repetition period is equal to the dur- 
ation of time the optical scanning device scans 
across the width of the controllable elements of the 
w space light modulator, or a shutter is provided which 
is adapted to pass light from the light source for that 
duration of time. Furthermore, the controllable ele- 
ments of the space light modulator are controlled 
more than one time during that duration of time, in 
is synchronism with the operation of the optical scan- 
ning device. 

According to the invention, there is also provided 
an exposure control apparatus having a lens, a pho- 
toelectric conversion device, and a space light mod- 
20 ulator, wherein the space light modulator is operated 
to vary the amount of light to be supplied to the pho- 
toelectric conversion device, thereby controlling the 
exposure for the image focused by the tens. 

In an alternative mode of the invention, the ex- 
25 posure control apparatus further comprises an ex- 
posure analysis unit for monitoring the exposure con- 
dition and a controller for controlling the space light . 
modulator, wherein the image condition is monitored 
and analyzed to control the exposure. Exposure con- 
30 trol is performed by detecting the mean luminance ^ 
level of t he whole or part of the screen and controlling . ; 
the space fight modulator when the detected lumi- 
nance level is too high. Exposure control is also per- 
formed in such a manner ^ 
35 minance level exceeds a trueshoid level are extracted 
and the space light modulator is operated to control 
the exposure selectively for those portions designat- 
ed by their addresses. ; ni ^ 
In a fisher alternative mode of the invention, the, 
40 exposure control apparatus is also adapted for use as 
an image projector, wherein an image is formed by us- 
ing the space light modulator originally intended for 
exposure control and the image is projected by pass- 
ing an image light through optical paths in reverse di- 
46 rection from when shooting. 

The invention wfll be more fully described in the 
following detaied description of illustrative embodi- 
ments with reference to accompanying drawings, in 
which;- 

50 Fig.1 is a schematic diagram illustrating the con- 
struction of a prior art visual display system. 

: Fig.2 is a block diagram illustrating the configur- 
ation of an electronic optical apparatus for t he prior 
art visual display system. 
55 Fig.3 is a diagram llustrating the construction of 
a prior art diaphragm. 

Fig.4 is a block diagram llustrating the configur- 
ation of a prior art exposure control apparatus. 
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Fig.5 is a schematic diagram ilustrating the con- 
struction of a prior art image projection system. 

Fig.6 is a schematic diagram ilustrating the con- 
struction of a visual display system according to the 
present invention. s 

Flg.7 is a perspective view showing an ptical 
scanning device using a plane reflecting mirror. 

Fig.8 is a perspective view showing an optical 
scanning device of triangular columnar shape. 

Fig.9 is a perspective view showing an optical 10 
scanning device of polygonal columnar shape. 

Fig.10 is a block diagram illustrating the config- 
uration of an electronic optical apparatus for the vis- 
ual display system of the present invention. 

Flg.11 is a schematic diagram ilustrating an alter- is 
native construction of the part of the visual display 
system of the present invention. 

Fig.12 is a schematic diagram ilustrating a fur- 
ther alternative construction of the visual display sys- 
tem of the present invention. 20 

Fig.13 Is a schematic diagram ilustrating the 
construction of an exposure control apparatus ac- 
cording to the present invention. 

Fig.14 is a schematic diagram ilustrating the 
construction of a space light modulator. 25 

Fig.15 is a block diagram illustrating the config- 
uration of an exposure analysis umt 

Rg.16 is a flowchart ilustrating a sequence of op- 
erations within a CPU. 

Fig. 17 is a block diagram illustrating an alterna- 30 
tive conf iguration of the exposure analysis unit 

Tig. 18 is a graph showing the relationship of a 
photometric area relative to an image signal and A/D 
converted signal. 

Fig.19 are graphs showing the relationship of an 35 
adder output relative to a ievel converter output and 
an ON period of the space light modulator. 

Fig.20 is a schematic diagram ilustrating an al- 
ternative construction of the exposure control appa- 
ratus of the present invention. 40 

Fig.6 shows the construction of a two-dimension- 
al digital visual display system comprising an image 
generating system 1 and a display screen 2, accord- 
ing to one embodiment of the invention. The display 
screen 2 may be constructed from a relativelg planar 45 
sheet of suitable material, or may be formed in a 
shape so curved as to converge reflected light in the 
direction of the observer. Furthermore, the display 
screen 2 may be formed from a translucent material 
for rear projection. so 

Alight source 3 provides light energy which finally 
reaches and illuminates the display screen 2. An or- 
dinary light source, such as an incandescent lamp or 
halogen lamp, b used as the light source 3. 

Light 7 emited from the light source 3 is directed 55 
toward a lens 4. The lenses 4, 5, and 6 together form 
a beam coiumnator which acts to collimat th tight 7 
intoacolumnarlight8 f thusprev nting the dispersion 



of light and enhancing the v rail ffici ncy of th 
system. 

The columnar light 8 is projected onto a space 
light modulator 9. A different method may be used to 
direct the converged light nergy source to the space 
light modulator 9. The space light modulator 9 acts to 
selectively redirect the columnar light 8 toward an 
optical scanning device 10. The space light modulator 

9 used in this embodiment is identical or similar to a 
deformaWe mirror device (DMO) as disclosed in U.S. 
patent Nos. 4,441,791, 4,710,732. 4,596,992, 
4,615,595 and 4.662.746. 

In this embodiment the optical scanning device 

1 0 consists of a reflecting mirror of hexagonal colum- 
nar shape. The mirror may be either of plane shape, 
as shown in Fig.7, of triangular columnar shape, as 
shown in Fig.8, or of polygonal columnar shape, as 
shown in Fig.9. 

Fig.7 shows an example in which a plane reflect- 
ing mirror is used for the optical scanning device 10. 
A reflecting mirror 22 is revolved by means of a motor 
21. There are two possible types of plane reflecting 
mirror, a single-sided mirror and a double-sided mir- 
ror. 

Fig. 8 shows an example in which a scanning sec- 
tion of triangular columnar shape is used for the opt- ' 
ical scanning device 10. A scanning section 24 is re- 
volved by means of a motor 23. Fig.9 shows an exam- 
ple in which a scanning section of polygonal columnar 
shape (hexagonal columnar shape) is used for the 
optical scanning device 10. A scanning section 26 is 
revolved by means of a motor 25. The optical scan- 
ning device 10 does not necessarily have to use a re- 
flecting mirror, but any suitable optical component 
that reflects light can be used. 

By revolving the optical scanning device 10, the 
angle at which to reflect the light oncoming from the 
space light modulator9 can be varied; thus, beams of 
light from the space light modulator 9 each fading as 
a line of fight can be expanded into an image for dis- 
play on a two-dimensional surface. Each beam of 
light reflected by the optical scanning device 10 is di- 
rected into an optical path 11 and projected through 
a magnfying lens 12 onto the display screen 2. 

A computer 13 controls the operation of the 
space light modulator 9 via a bus 14 so that portions 
of the light falling through an optical path 16 are se- 
lectively redirected toward the optical scanning de- 
vice 10 to form an image on the display screen 2. This 
operation will be described in detail later. 

A motor 1 5 is provided to revolve the optical scan- 
ning device 10, the motor 15 being synchronized with 
the space light modulator 9 to ensure proper display 
of an image. The synchronizing operation is control- 
led by a controller 20. 

Fig.10 shows an electronic optical apparatus 
used forthe visual display system. As shown, a signal 
source 201, for example, a movi , is connected to an 
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el ctronic optical system 216 via a bus 202. Th bus 
202 leads to an A/D conver ter 203. An analog signal 
fed to the A/D converter 203 via the bus 202 is con- 
verted by th A/D converter 203 into a digital code 
representing the address and luminance, signals for 
each pixel of an image. The digital code is outputted 
on a bus 204. 

The digital code from the A/D converter 203 is 
transferred via the bus 204 to a buffer memory 205. 
The digital code is thus stored in the buffer memory 
205. In a different mode, such digital code or informa- 
tion can be loaded into the buffer memory 205 from 
an external computer or graphics system via a bus 
217, for example. To enhance the processing capac- 
ity, the buffer memory 205 may be constructed from 
a double board or a triple board type memory. Design 
of a multiple board memory te also known to the in- 
dustry. 

The digital code or information represents an im- 
age to be displayed. The digital code stored in the buf- 
fer memory 205 is transferred to a central processing 
unit (CPU) 207 via a bus 206. The CPU 207 is, pre- 
ferably, a digital signal processing unit (DSP). 

The information processed by the CPU 207 is 
transferred via a bus 208 to a serial/parallel (S/P) con- 
verter 209 where the information is divided per ad- 
dress, the divided information then being transferred 
to a shift register latch 211 via a bus 210. After all ad- 
dress data are Inputted to the shift register latch 211 
from the S/P converter 209, the shift register latch 
211 transfers each address data to a pulse width gen- 
erator 213 via a bus 212 in accordance with a syn- 
chronizing signal fed from the CPU 207 via a bus 220. 
The pulse width generator 213 converts each ad- 
dress data, transferred via the bus 212, into a pulse 
width that matches' the contents of the data, and 
transfers the thus converted address data to a space 
light modulator 215 via a bus 214 in accordance with 
the synchronizing signal fed via the bus 220. The 
pulse width generator 213 can be incorporated into 
theCPU207; 

The space light modulator 9 has a high speed 
switching "capability and can modulate each pixel of a 
bright image at a data speed 833 times faster than a 
CFF. When the desired luminance is at a lower level, 
the operating speed will become much fester. Lumi- 
nance of different levels can be obtained by dividing 
one line display period of the optical scanning device 
10 by the necessary number of shades and by having 
the pulse width generator 21 3 generate a pulse width 
that matches the desired luminance. 

The space light modulator 9 operates at a speed 
much fester than one line display period Since this 
speed is fester than the critical flicker frequency of 
th human ye, the amount of fight sent to th image 
forming surface for a fixed period is recognized as a 
variation in luminance. 

As described, wh n compared with the two-di- 



mensional surface type space light modulator of prior 
art the abov construction of the invention allows 
theuseofanimag data shift register or latch of one- 
dimensional type, and scanning in the vertical direc- 
5 ttoncanbeachi ved just by controlling the rotation of 
the optical scanning device 10, which allows a signif- 
icant reduction in circuitry. Furthermore, in the prior 
art surface type space light modulator, the aspect ra- 
tio is fixed at the production stage of the space light 
10 modulator, but according to the invention, the aspect 
ratio can be easily varied by varying the rotational 
speed of the optical scanning device 10. The aspect 
ratio can be varied without lowering the resolution 
when the scanning section of the optical scanning do- 
ts vice 10 is formed in a shape that allows a wide angle 
scanning (for example, the number of scanning sur- 
faces is reduced). 

Modifications of the above embodiment will now 
be described. 

20 For example, a color visual display can be ach- 
ieved by adding filter means to the optical scanning 
device 10 of Fig. 6. 

Optical filters each having the property of reflect- 
ing light of a particular frequency or frequency band 

25 are disposed on the reflecting surfaces of the optical 
scanning device 10. Such fflters may be formed, for 
example, from coatings of materials each having the 
property of reflecting or transmitting light of a partic- 
ular color band. 

30 In the case of the optical scanning device 10 hav- 
ing the shape shown inFtg.9, optical f iters of red (R), 
green (G), and blue (B), are placed in a periodic man- 
ner. Since the optical scanning device 10 of Fig.9 has 
six reflecting surfaces, R, G, B. R, G, and ft tab full 

35 color scannings take place with one revolution of the 
optical scanning device 10. The following description 
deals in detail with the operation of this color visual 
display. 

Referring to Fig.6, the light 7 emitted from the 

40 light source 3 passes through the lenses 4, 5. and 6, 
and the resulting columnar light 8 hits the space light 
modulator 9 to which image data are successively fed 
from the computer 13 via the bus 14. Based on the 
image data received from the computer 13, the space 

45 light modulator 9 is operated to selectively move the 
controllable elements (pixels) to transmit an optical 
image through the optical path 1 6 to the optical scan- 
ning device 10. The optical image is projected as a 
tine of light onto one of the reflecting surfaces of the 

so optical scanning device 10, for example, an R sur- 
face. As the R surface is turned, such lines of light are 
expanded into a screen image. When one scanning is 
completed with the R surface, a single colored image 
of red has been displayed on the display screen 2. 

55 Needless to say, the image data supplied to the 
space light modulator 9 from the computer 13 for the 
production of this image is the screen image data of 
red. 
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Wh nth scanning with th R reflecting surface 
is completed, the next reflecting surface of the optical 
scanning device 10, i.e. a G reflecting surface, ap- 
pears. In a similar manner to that for the above R re- 
flecting surface, scanning is performed with t he G re- s 
fleeting surface to produce a screen image of green, 
and Ifeewise for the next B reflecting surface. 

Thus, one screen image is displayed for each 
component of R, G, and B. The space light modulator 
9 and the optical scanning device 10 are synchron- io 
ized for operation, and the R, G, and B images are 
successivelg presented on the screen at a frequency 
higher than the critical flicker frequency of the human 
eye, so that the colors are mixed by the human eye 
to enable the observer to see a completed color im- is 
age on the display screen 2. 

In the foregoing embodiment having the con- 
struction shown in Fig.6, it is also possMe to achieve 
a color display by changing the light source 3. 

More specifically, the light source 3 shown in 20 
Fig.6 is replaced by light emitting elements, such as 
LEDs, that emit lights at the central wavelengths ap- 
proximately equal to the wavelengths of red, blue, 
and green colors, respectively. With this arrange- 
ment, the light emitting elements, for example, red 2s 
with 640 nm wavelength, blue with 470nm wave- 
length, and green with 570 nm wavelength, are suc- 
cessively switched on to emit lights in the respective 
colors, thereby achieving a color display as by the 
previously described optical scanning device using 30 
white light in conjunction with the optical filters. 

In the foregoing embodiment, the optical scan- 
ning device 10 of Fig.6 constantly revolves at a pre- 
determined speed; when beams of light are constant- 
ly supplied from the light source 3, and Image data are 35 
continuously inputted to the space light modulator 9, 
the image displayed on the display screen 2 will 
smear in the vertical direction and cannot be properly 
recognized. Also, a phenomenon will occur in which 
the continuity of the image is disrupted at the por- 40 
tions corresponding to the Joints between the reflect- 
ing surfaces of the polygonal optical scanning device 
10. Therefore, the light from the light source 3 is 
pulsed in order to avoid these problems. 

First, when one reflecting surface of the optical 45 
scanning device 10 comes to an angle at which to 
start the scanning, the fight source 3 turns on a light 
pulse for the duration of time just equal to one line dis- 
play period. Next, when the reflecting surface of the 
optical scanning device 10 is turned to an angle at so 
which to reflect the next line, a light pulse is turned on, 
again for the duration of time just equal to one line dis- 
play period. This operation is repeated tintl the re- 
flecting surface comes to an angle at which to reflect 
th final line for display. When the scanning of theft- 55 
nal line is completed; the light pulse is turned off and 
remains off untl the next reflecting surface of the opt- 
ical scanning device 10 comes to an angt at which 



to start th scanning. By repeating th abov opera- 
tions, a proper image can b displayed without caus- 
ing image lines to smear and without displaying un- 
wanted image portions during th horizontal r trace 
periods. The emitting operation of such light pulses is 
controlled by the controller 20. 

Instead of adapting the light source 3 to emit light 
pulses, an optical shutter 17 may be provided be- 
tween the light source 3 and the lens 4, as shown in 
Fig.11, to attain the same effect as described above. 
The optical shutter 17 is operated to open for the ON 
period and dose for the OFF period, with the same 
on/off timing of the light pulse. The actuation of the 
optical shutter 17 is controlled by the controller 20. 

In the foregoing embodiment, image line smear- 
ing can be prevented by employing, as the motor 15 
for controlling the optical scanning device 1 0, a step- 
per motor having a step angle equivalent to the angle 
through which the optical scanning device 10 scans 
across the width of the controllable elements of the 
space light modulator 9. 

In addition, the rotating speed of the optical scan- 
ning device 10 needs to be synchronized with the tim- 
ing of the image data sent from the computer 1 3 to the 
space light modulator 9 and the timing of the light 
pulse or the optical shutter 17. Such synchronizing 
operation is controlled by trie controller 20. 

In the foregoing embodiment, reflecting mirrors 
are used in the optical scanning device 10, but in- 
stead, a prism may be used. Fig,12 is a schematic di- 
agram illustrating an alternative construction of the 
embodiment wherein an optical scanning device 18 
consisting of a prism is used. The optical scanning de- 
vice 18 shown is constructed from a hexagonal re- 
fracting prism, but it wU be appreciated that a trian- 
gular prism or lens of the shape shown in Fig.8 or a 
polygonal prism or lens of the shape shown in Fig.9 
may be used to serve the purpose. The optical scan- 
ning device 18 is revolved by means of a motor 19. 
The motor 19 is driven to revolve a scanning section 
of the optical scanning device 18 to vary the angle of 
incidence of the image light projected through the 
optical path 16, thus enabling the scanning to be per- 
formed by varying the direction of refraction. Other- 
wise, the construction of Fig.12 is identical to that of 
Fig.6; therefore, the same reference numerals are as- 
signed to the same parts, and their descriptions are 
omitted herein. 

As described above, according to the visual dis- 
play system of the invention, since the space light 
modulator is constructed by arranging the controlla- 
ble elements in a line, the system is inexpensive to 
construct, addressing circuitry for the controllable 
elements and electrical circuitry for light modulation 
can be simplified, and the aspect ratio can b varied 
easily. 

Fig. 1 3 is a diagram frustrating the construction of 
an exposure control apparatus using a space light 



7 



13 



EP 0 528 646 A1 



14 



modulator 36, according t the invention. Image light 
first enters a lens syst m 31, then passes through 
lens systems 32, 33, 34, 35, and through an optical 
path 37, to reach the space light modulator 36. Of 
thes lens systems, 31 is, for example, a focusing 
section, 32 is a variator, 33 is a compensator, 34 is a 
master lens, and 35 is an optical filter. 

In this embodiment, the space light modulator 36 
is of the type generally known as a deformable mirror 
device (DMD), which wil be described hereinafter. A 
space light modulator of other type may be used if it 
is capable of changing the directions of individual light 
beams at sufficiently high speed. A photoelectric con- 
version device 39 is of the type generally known as 
the CCO. A photoelectric conversion device of other 
type may be used if it is capable of converting image 
light into electrical signals at sufficiently high speed. 

Fig:l4 shows the construction of the space light 
modulator 36. A mirror 50 mounted in a vertical plane 
60 is movable about a shaft 56 between the positions 
indicated by dotted lines 56 and 74. In the position of 
ON state, one edge of the mirror 56 is in contact with 
a landing electrode 62. When a suitable voltage is ap- 
plied to a control electrode 64, the mirror 50 is moved 
to the ON position. The voltage applied to the control 
electrode 64 is Inputted to a positive electrode 68, and 
through an inverter 69 to a negative electrode 70. A 
differential bias is applied to the mirror 50 through an 
electrode 72. When the mirror 50 is in the position in- 
dicated by dotted line 58, the whole or part of the im- 
age light introduced through a first optical path 37 is 
guided to a second optical path 38. In the OFf state, 
the mirror 50 is turned to the positioned indicated by 
dotted line 74 by applying a negative vottage to the 
vertical plane 60 orto fhe control electrode 64, so that 
the image light will not be guided to the second optical 
path 38. The space light modulator 36 consists of the 
mirrors 50 arranged in a two-dimensional matrix ar- 
ray. The mirrors 50 can be controlled individually and 
simultaneously. V I. 

By 'controlling the controllable elements of the 
space light modulator 36, the beam of light that has 
reached the space light modulator 36 after passing 
through the lens systems and the first optical path 37 
is directed along the second optical path 38 to the 
photoelectric conversion device 39. The photoelectric 
conversion device 39 converts the entering light into 
electrical signals. By using these electrical signals, 
the controllable elements are controlled to vary the 
amount of light to be supplied to the photoelectric con- 
version device 39, that is, the space light modulator 
36 acts as an optical diaphragm. Realtime control of 
the diaphragm can be performed by converting and 
analyzing the electrical signals outputted from the 
photoelectric conversion d vice 39 and feeding th 
information back to th space light modulator 36. 

Each electrical signal outputted from the photo- 
electric conversion device 39 is supplied via a bus 40 



to a camera signal processing unit 41 which converts 
th electrical signal into an image signal. The image 
signal is then fed via a bus 42 to an exposure analysis 
unit 43 which analyzes the image signal to determine, 
5 for example, th luminance level of the entire screen, 
the presence or absence of pixels that have reached 
the luminance saturation level, and the addresses of 
such pixels. Next using the analyzed data, the mode 
of control of the space light modulator 36 is deter- 
10 mined, and the resulting control signal is sent to an 
SLM control unit 45 via a bus 44. Based on the control 
signal, the SLM control unit 45 operates the control- 
lable elements of the space light modulator 36 via a 
bus 46, to reduce the proportion of the image light 
is guided to the second optical path 38. 

Depending on how the internal processing is per- 
formed, the exposure analysis unit 43 can operate 
the space light modulator 36 as an optical diaphragm 
in various ways, Fig.15 shows the internal configura- 

20 tion of the exposure analysis unit 43. A signal trans- 
ferred from the photoelectric conversion device 39 is 
converted by the camera signal processing unit 41 
into an image signal. The image signal is transferred 
via a bus 302 to an A/O converter 303, internal to the 

25 exposure analysis unit 43, for analog-to-digital con- . 
version. The converted signal is then fed to an adder 
305 via a bus 304. In the meantime, a synchronizing 
signal, which is outputted from an SSG internal to the 
camera signal processing unit 41, is transferred to a 

30 timing generator 310 and a CPU 307 via a bus 312. 
Based on this synchronizing signal, the timing gener- 
ator 310 produces a timing signal for the adder 305. 
Using the timing signal fed from the timing generator 
310 via a bus 311, the adder 305 performs addition 

35 on the signal transferred via the bus 304. trie value 
of the sum Is proportional to the luminance of the 
sampled imagaThis value is transferred to the CPU 
307 via a bus 306. The CPU 307 compares this value 
with a predetermined reference value and sends the 

40 resulting signal to a level converter 314 via a bus 31 3. 
The reference value can be set externally via a bus 
315. The detailed processing performed by the CPU 
307 will be described later. 

Based on the signal supplied from the CPU 307, 

45 the level converter 314 determines the amount of im- 
age light to be supplied from the space light modulator 
36 to the photoelectric conversion device 39, and 
sends the resulting control signal to the SLM control 
unit 45 via a bus 316. The level converter 314 may be 

so incorporated into the CPU 307. 

Fig. 16 is a flowchart showing the image signal 
flow performed by the system in which the level con- 
verter is toexxporated into the CPU 307. The signal 
outputted from the photoelectric conversion device 39 

55 is processed through th camera signal processing 
unit 41 1 A/D converter 303, and adder 305, and is in- 
putted to th CPU 307 (step S101). First, it is deter- 
mined whether a memory 308 is cleared or not (step 



8 



15 



EP 0 528 646 A1 



16 



S102). In the beginning, since the memory 308 is 
cleared, the answer is YES, and the process pro- 
ceeds to step S103. In step S103, it is determined 
whether the value of the signal (luminance of the im- 
age) sent from the adder 305 is within th specified s 
luminance value. If the signal value is not great than 
the specified value, the answer is YES, and no in- 
struction is given to the SLM control unit 45. 

On the other hand, if the signal value is greater 
than the specified value, the signal value is stored io 
into the memory 308 via a bus 309 (step S104), the 
level conversion value is varied (step S105), and the 
SLM control unit 45 is actuated (step S106). When the 
SLM control unit 45 is actuated, the amount of light to 
be supplied to the photoelectric conversion device 39 is 
is varied. The resulting signal from the photoelectric 
conversion device 39 is delivered through the camera 
signal processing unit 41 , A/D converter 303. and ad- 
der 305, and is inputted again to the CPU 307 (step 
S101 ). In the next step S102, since the memory 308 20 
is not cleared, the answer is NO, and the process pro- 
ceeds to step S107. In step S107, it is determined 
whether there has been a rapid change in the signal 
value. A rapid change wil mean a change from one im- 
age scene to the next If there is no rapid change, the 25 
answer is NO, and the process proceeds to step 
S108. In step S1 08, it is determined whetherthe sig- 
nal value has dropped to the spetified value with 
which the value stored in the memory 308 was com- 
pared, if not, the level conversion value is further var- 30 
led (step S105), and the SLM control unt 45 is again 
actuated (step S106). On the other hand, if it is deter- 
mined that the signal value has dropped to the spe- 
cified value, the level conversion value is fixed to the 
current level (step $109), and the SLM control unit 45 35 
is allowed to operate with the current level (step 
S106). If there has been a rapid change in the signal 
value fed from the photoelectric conversion device 39 
(YES in step S107), the value in the memory 308 is 
cleared (step S1 1 0), and the level conversion value is 40 
initialized. Control of the diaphragm is performed by 
repeating the above sequence of operations. ■'• 

In the exposure analysis unit of the above em- 
bodiment, the space light modulator is controlled by 
using the mean luminance of the whole screen, and 45 
is made to serve the same function as a conventional 
diaphragm, but it is also possible to suppress the lu- 
minance only for the portions where the luminance is 
saturated or where the luminance exceeds the 
threshold level. An exposure analysis unit so adapted so 
will now be described. 

Fig. 17 is a block diagram illustrating the config- 
uration of such an exposure analysis unit, and Fig.18 
is a graph showing the relationship of the image form- 
ing surface and photometric area of the photoelectric 55 
conversion device relative to the input image signal 
and A/D converted signal. As in the foregoing embodi- 
m nt, the image signal outputted from th camera 



signal processing unit 41 is transferred via a bus 341 
to the exposure analysis unit 43. The image signal 
supplied to th exposure analysis unit 43 is inputted 
to an A/D converter 343 for analog-to-digital conver- 
sion. Th operation of A/D converter 343 is controlled 
by a clock signal given from a clock generator 348 via 
a bus 347. The converted signal is fed to a peak de- 
tector 345 via a bus 344. The peak detector 345 com- 
pares the signal with the threshold level set by a CPU 
350, and if the signal is greater than the threshold lev- 
el, transfers the signal to the CPU 350 via a bus 346. 

Inputted to the CPU 350 are a synchronizing sig- 
nal, which is given from the camera signal processing 
unit 41 via a bus 346; a clock signal, which is given 
from the clock generator 348 via a bus 362; and a pho- 
tometric area signal, which is given via a bus 353 from 
a photometric area timing generator 352 whose oper- 
ation is synchronized with the dock signal supplied 
via a bus 351 from the dock generator 348. The pho- 
tometric area for the. photometric area timing gener- 
ator 352 can be changed via a bus 361. 

The signal transferred to the CPU 350 from the 
peak detector 345 is stored vfa a bus 354 into a mem- 
ory 355, together with the address calculated from 
the photometric area signal supplied from the photo- 
metric area timing generator 352 and the synchroniz- 
ing signal supplied from the camera signal processing 
unit 41. The CPU 350 also supplies a level signal to 
a level converter 358 via a bus 357, the level signal 
corresponding to the overlevel portion of the signal 
sent from the peak detector 345, and transfers the ad- 
dress of the pixel where" the overlevel is caused] to 
the SLM control unit 45 via a bus 363. 

Based on the signal sent from the CPU 350, the , 
level converter 358 determines the airwunt^ image 
light to be supplied from the space light modulator 36 
to the photoelectric conversion device 39, and sup- 
plies the resulting data signal to the SUM control unit 
45 via a bus 359. The level converter 358 may be in- 
corporated into the CPU 350. ^ 

Fig. 19 shows an example of the relationship of 
the adder output relative to the level converter output 
and the ON period of the space light modulator. As 
shown, when the adder output is small, the level con- 
verter output is large, that is, the ON period of the 
space fight modulator is long. Next, in the region to 
the right of the left-hand side dotted line, the CPU op- 
erates to lower the level converter output and reduce 
t he ON period of the space light modulator. When the 
adder output is further increased past the right-hand 
side dotted line which represents the threshold level, 
the level converteroutput is maintained at a minimum 
level. The rate of variation over the region between 
the two dotted lines, L . the section where the level 
converter output is varied, can be set at a desired val- 
ue. The variation may be ither continuous or in dis- 
crete steps. 

Next, an embodim ntofan xposure control ap- 
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paratus equipped with a function of an image projec- 
tor will be described below. 

Fig.20 is a schematic diagram llustrating the 
construct! n of such an exposure control apparatus, 
tn Fig.20, the same parts as those in Fig. 13 are des- s 
ignated by the same reference numerals. Since th 
exposure control mechanism is identical to that of the 
foregoing embodiment, the following description 
deals only with the image projection function. 

Referring to Fig.20. light emitted from a fight w 
source 420 is collected by a reflecting mirror 421 and 
reflected through an optical path 433 into a lens 422. 
The lenses 422, 423, and 424 together form a beam 
columnator which acts to coUimate the entering fight 
into a beam of light shown as an optical path 425. The is 
beam of light is projected through the optical path 
425, a fourth optical path, onto the space light mod- 
ulator 36. In this embodiment the space light modu- 
lator 36 is in the ON state when it is placed in the pos- 
ition indicated by the dotted line 74 in Fig.14, which to 
is the OFF state in the case of exposure control, or 
more particularly, when a negative voltage is applied 
to the control electrode 64. 

An image storage medium 427 is provided to 
store an image signal sent from the camera signal 25 
processing unit 41 via a bus 429 or an external image 
signal sent via a bus 430. The image signal is trans- 
ferred to an image projection CPU 428 via a bus 431 . 
An image signal can be directly inputted to the image 
projection CPU 428 via a bus 434. The image projec- 30 
tion CPU 428 converts the input iriia^ge signal to data 
suitable for image display by the space light modula- 
tor 36, and delivers the data via a bus 432 to the SUM 
control unit 45 to control the space (ight mc>a^tor36. 
The individual controllable elements of the space fight 35 
modulator 36 are controlled by the data supplied via 
the bus 46 so that an image is formed on the surfaces 
of the controllable elements. 

The light passed through the fourth optical path 
(the optical path 425) strikes the space light moduta- 40 
tor 36 on which the image is formed, and the image 
light is reflected into the optical path 37, a third opti- 
cal patft, and passed through the lens systems 35, 
34, 33, 32, and 31 for enlarged image projection. 

As described, the exposure control apparatus of 45 
the invention uses the space light modulator for ex- 
posure control; therefore, the number of mechanical 
moving parts is reduced, the mechanism is simplified, 
and partial exposure control can be performed. It is 
also possible to project an image for display by form- so 
ing an image on the space light modulator and pro- 
jecting light thereon from the light source. 

As this invention may be embodied' in several 
forms without departing from the spirit of essential 
characteristics thereof, the present embodiments are 55 
therefore illustrative and not restrictive, since the 
scope of the invention is defined by the appended 
claims rather than by th description preceding them, 



and all changes that fall within metes and bounds of 
the claims, or equivalence of such met s and bounds 
thereof are therefore intended to be embraced by the 
claims. 



Claims 

1 . A visual display system comprising: 

a light source disposed in a first optical 

path; 

an image forming surface disposed in a 
second optical path; 

a space light modulator disposed in said 
first and second optical paths and composed of 
a plurality of controllable elements arranged in a 
line; and 

an optical scanning device, disposed be- 
tween said space light modulator and said triage 
forming surface, for scanning the light reflected 
from said space light modulator. 

2. A visual display system as set fort h in Claim 1 , 
wherein said optical scanning device is so adapt- 
ed as to selectively scan the fight reflected from 
said space light modulator according to the wave- 
length thereof to display a color image on said im- 
age forming surface. 

' u- • 

3. A visual display system as set forth in Claim 1 or 
2, wherein said optical scanning device is a re- 
flecting mirror, a prism or a lens. 

4. A visual display system as set forth in dairy 1 or 
2, wherein said optical scanning device has a 
movable reflecting or refracting surface. 

5. A visual display system as set forth in Claim 1 or 
2, wherein said optical scanning device compris- 
es a double-sided reflecting mirror whose reflect- 
ing surfaces are turned to scan the light reflected 
from said space light modulator. 

6. A visual dismay system as set forth in Claim 1 or 
2, wherein said optical scanning device compris- 
es a plane prism whose refracting surfaces are 
turned to scan the light reflected from said space 
light modulator. 

7. A visual display system as set forth in Claim 1 or 
2, wherein said optical scanning device is of poly- 
gonal columnar shape, with a polygonal cross 
section, whose reflecting or refracting surfaces 
are turned to scan the light reflected from said 
space light modulator. 

8. A visual display system as set forth in Claim 1 or 
2. wherein said optical scanning device has a 
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plurality of ref I cting or refracting surfaces, each 
oftherefl cting or refracting surfaces having fil- 
ter characteristic that r fleets or refracts light of 
a particular wavel ngth or wav length rang . 

5 

9. A visual display system as set forth in Claim 8, 
wherein said reflecting or refracting surfaces are 
periodically provided with said f Iter characteris- 
tic. 

10 

1 0. A visual display system as set forth in any one of 
the preceding Claims, 

wherein reflecting or refracting surfaces of said 
optical scanning system complete at least one cy- 
cle of rotation within one cycle period of the crit- is 
ical flicker frequency of the human eye. 

11. A visual display system as set forth in anyone of 
the preceding Claims, wherein said light source 
comprises a source that provides white light 20 

12. A visual display system as set forth in anyone of 
Claims 1 to 1 0, wherein said fight source compris- 
es at least three light emitting elements that ra- 
diate light at the central wavelengths approxi- 25 
mately equal to red, blue, and green colors, re- 
spectively. 

1 3. A visual display system as set forth in any one of 

the preceding Claims, 30 
wherein said light source emits a pulse light 
whose repetition period is equal to the duration of 
time said optical scanning device scans across 
the width of the controllable elements of said 
space light modulator. 35 

14. A visual display system as set forth in any one of 
Claims 1 to 12, 

further comprising an optical shutter disposed on 
the light emitting side of said light source, one op- 40 
eration cycle of said optical shutter being equal to 
the duration of time said optical scanning device 
scans across the width of the controllable ele- 
ments of said space light modulator. 

45 

15. A visual display system as set forth in Claim 13 
or 14, wherein said space light modulator controls 
said controllable elements more than one time 
during the period of transmission of the light in 

the pulse or via the open shutter. so 

16. A visual display system as set forth in Claim 13, 
14 or 1 5 further comprising means for synchron- 
izing the rotation of said optical scanning device 
and the emission of said light in the pulse or via 55 
the open shutter. 

1 7. A visual display system as set forth in any one f 



the preceding Claims, 

wherein said space light modulator controls said 
controllable elements more than one time within 
one cyd period of the critical flicker frequency 
of the human eye. 

18. A visual display system as set forth in any one of 
the preceding Claims, 

wherein the rotation of said optical scanning d - 
vice is controlled in such a manner that the scan- 
ning section thereof is turned incrementally with 
an angle equivalent to the angle through which to 
scan across the width of the controllable ele- 
ments of said space light modulator. 

19. A visual display system as set forth in any on of 
the preceding Claims, 

further comprising means for synchronising the 
rotation of said optical scanning device and th 
control of said controllable elements. 

20. A visual display system as set forth in any on of 
the preceding Claims, 

wherein the scanning time of said optical scan- 
ning device is variable with respect to th overall 
length of said controllable elements arranged in 
a line. 

21. An exposure control apparatus comprising: 

a lens for focusing an object image; 

a photoelectric conversion device for con- 
verting into an" electricai signal light . passed 
through said lens; 

a first optical path passing through said 

lens; ""'. ^.f*- ■■■ - ' ... ■•' '\ 

a second optical path for passing the light 
incident on said photoelectric conversion d vice; 

a space light modulator disposed in said 
second optical path and having a plurality of con- 
trollable elements; and 

control means for controlling individually 
and simultaneously the plurality of controllable 
elements of said space light modulator on the ba- 
sis of the output from said photoelectric conv r- 
sion device, in order to switch the states of the 
controllable elements between a first state, in 
which the light from said first optical path is guid- 
ed to said second optical path, and a second 
state in which it is not guided to said second opt- 
ical path. 

22. An exposure control apparatus according to claim 
21 further comprising: 

exposure analysis means for analysing 
the exposure level of the output signal of said 
photoelectric conversion d vice; 

the control means being for controlling in- 
dividually and simultaneously t h plurality of con- 
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trollabf eiem nts of said space light modulator 
on the basis of the result of the analysis by said 
exposure analysis means. 

23. An exposure control apparatus as set forth in s 
Claim 22, wherein said exposure analysis means 
detects the mean luminance level of the whole or 
part of the screen by analyzing the output signal 

of said photoelectric conversion device. 

10 

24. An exposure control apparatus as set forth in 
Claim 22, wherein said exposure analysis means 
detects portions of the signal within the whole or 
part of the screen, where the luminance level ex- 
ceeds a threshold level, by analyzing the output is 
signal of said photoelectric conversion device. 

25. An exposure control apparatus according to any 
one of claims 21 to 24 further comprising: 

a third optical path extending from said 20 
space light modulator and passing through said 
lens; 

a fourth optical path for passing the light 
incident on said space light modulator 

a light source disposed in said fourth opt- 25 
teal path; 

the control means being for controlling in- 
dividually and simultaneously the plurality of con- 
trollable elements of said space light modulator in 
each of two switching modes on the basts of the 30 
output from said photoelectric conversion device, 
the first switching mode being for" switching the 
states of the controllable elements between the 
first state and the second state and the second 
switching mode being for switching the states of 35 
the controllable elements between a third state, 
in which the light from said light source passed 
through the fourth optical path is guided to said 
third optical path, and a fourth state In which it is 
not guided to said third optical path. " ' 40 
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